The presence of activated microglia in the brains of healthy elderly people is a matter of debate. We aimed to clarify the degree of microglial activation in aging and dementia as revealed by different tracers by comparing the binding potential (BP ND ) in various brain regions using a first-generation translocator protein (TSPO) tracer [ 11 C](R)PK11195 and a second-generation tracer [ 11 C]DPA713. The BP ND levels, estimated using simplified reference tissue models, were compared among healthy young and elderly individuals and patients with Alzheimer's disease (AD) and were correlated with clinical scores. An analysis of variance showed category-dependent elevation in levels of [ 11 C]DPA713 BP ND in all brain regions and showed a significant increase in the AD group, whereas no significant changes among groups were found when [ 11 C](R)PK11195 BP ND was used. Cognito-mnemonic scores were significantly correlated with [ 11 C]DPA713 BP ND levels in many brain regions, whereas [ 11 C](R)PK11195 BP ND failed to correlate with the scores. As mentioned elsewhere, the present results confirmed that the second-generation TSPO tracer [ 11 C]DPA713 has a greater sensitivity to TSPO in both aging and neuronal degeneration than [ 11 C](R)PK11195. Positron emission tomography with [ 11 C]DPA713 is suitable for the delineation of in vivo microglial activation occurring globally over the cerebral cortex irrespective of aging and degeneration.
Introduction
Microglial activation accompanies any damage of the brain milieu caused by not only neuronal injuries but also by normal aging-related changes in the brain tissue. 1, 2 Activated microglia play a major role in the neuroinflammatory response in the brain and represent an important marker of neuroinflammation. 3 It has also been reported that age-related activation of microglia is linked to an impairment in cognitive function in animals and humans. 2, 4, 5 A biochemical study showed a significant relationship between cognitive decline and abnormal levels of proinflammatory cytokines, which may underlie the role of activated microglia in the brain and cognitive decline with age. 6 Because microglial activation develops over the course of the aging process, microglial activation concomitant with neuronal death is expected in the brains of patients with Alzheimer's disease (AD). 7 It has also been reported that immunological markers, major histocompatibility complex II (MHC II) and CD11b are related to microglial activation during normal aging. 8 The CD45 protein was found to be a marker of activated microglia involved in neurodegenerative diseases, including AD. 9 Aside from neurodegeneration, a recent neuroinflammation study on developmental disorders such as autism also suggested an increase in microglial activation in vivo. 10 Therefore, a clear delineation of activated microglia in normal aging and in brain disorders is important for not only pathophysiology but also for pharmacological intervention studies.
The 18-kDa translocator protein (TSPO), formerly known as the peripheral benzodiazepine receptor or PBR, is a protein located on the outer mitochondrial membrane that is expressed in glial cells. 1, 3 A postmortem study revealed that TSPO was highly expressed in CD68-labeled activated microglia in various neurological diseases. 11 In an in vivo research setting, positron emission tomography (PET) could specifically delineate the TSPO density in activated microglia. 11 A first-generation TSPO tracer, [ 11 C](R)PK11195, has been extensively used with PET to evaluate microglial activation in vivo in a variety of diseases. [10] [11] [12] [13] Previous in vivo [ 11 C](R)PK11195 PET studies demonstrated an increased TSPO density accompanying normal aging of the brain. 14 The microglial activation measured by this first-generation TSPO tracer, [ 11 C](R)PK11195, reportedly paralleled cognitive deterioration. 12, 15 However, [ 11 C](R)PK11195 was reported to suffer from high nonspecific binding and a low signal-to-noise ratio. Because of the inability to detect subtle changes of [ 11 C](R)PK11195 uptake during the aging process, it might be difficult to evaluate changes in TSPO overexpression under conditions of presymptomatic or early cognitive decline. In addition, some PET studies with [ 11 C](R)PK11195 reported a lack of a significant correlation between TSPO overexpression and cognitive severity. 16, 17 In recent years, second-generation TSPO candidate tracers have been developed and tested through preclinical experiments and are now being evaluated in clinical settings. PET studies in AD patients using [ 11 [18] [19] [20] [21] [22] Although the short half-life of [ 11 C]labeled tracers limits their applicability in the clinic, [ 11 C]DAA1106 and [ 11 C]PBR28 PET studies showed significantly increased TSPO overexpression in AD patients, 18, 19 but a significant correlation between TSPO overexpression and cognitive severity was found only in the [ 11 C]PBR28 PET study. 19 However, these results did not take into account multiple statistical comparisons. There is a need to investigate regional changes in TSPO overexpression with a robust significance level, which will require PET studies on multiple regions of the brain to assess activated microglia development as measured by TSPO overexpression in terms of bamyloid generation in the AD brain. An animal study showed that [ 11 C]DPA713 had a higher signal-to-noise ratio than [ 11 C](R)PK11195. 23 A preliminary study in humans also showed higher trends for specific uptake of [ 11 C]DPA713 compared with [ 11 C](R)PK11195. 24 In addition, [ 11 C]DPA713 had a similar or relatively higher order of binding capacity relative to [ 11 C]DAA1106 and [ 11 C]PBR28. 24 Taking genotypic differences in TSPO tracers into account, the use of [ 11 C]DPA713 also has merit among Asians, who manifest almost uniform genotyping for the second-generation TSPO tracers (http:// hapmap.ncbi.nlm.nih.gov/cgi-perl/snp_details_phase3? name¼rs6971&source¼hapmap28_B36&tmpl¼snp_det ails_phase3). 25 To examine the applicability of [ 11 C]DPA713 in revealing microglial activation as measured by TSPO density in terms of cognitive relevance in normal aging and degeneration, we estimated the binding potential (BP ND ) of [ 11 C]DPA713 in young and elderly subjects and AD patients and compared the difference of the BP ND among the three groups with the BP ND of [ 11 C](R)PK11195. We also examined molecular-clinical relationships based on [ 11 C]DPA713 binding and the clinical parameters in these three groups. (Table 1 ). All participants were Japanese. We used a t-test to compare ages and MMSE scores among all participants in each group. There was no significant difference in the age of the elderly subjects and AD patients in either group. MMSE scores of AD patients were significantly lower than those of elderly subjects in both the [ 11 C]DPA713 and [ 11 C](R)PK11195 PET groups, but no significant difference was found between the two AD groups. The diagnosis of AD was based on the criteria of the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS/ ADRDA) 26 The exclusion criteria were as follows: (a) the presence of significant white matter microvascular changes on the MRI over and above a few scattered lacunes typical of normal aging, (b) smoking or drinking a significant amount of alcohol regularly, (c) taking nootropic drugs regularly, (d) having untreated hypertension or diabetes, and (e) having a history of neurological and psychiatric disorders other than AD. The neuropsychological assessment for all AD patients was based on the MMSE. The above exclusion criteria except (e) were also applied when selecting healthy young and elderly subjects. Healthy subjects had no neurological or psychiatric disorders. This study was approved by the Ethics Committee of the Hamamatsu Medical Center by abiding by the Ethical Guidelines for Clinical Research (Public Notice of the Japanese Ministry of Health, Labour and Welfare No. 415 of 2008). We obtained written informed consent from all participants. The subjects were informed both verbally and in writing about the objectives, procedures and eventual risks of the experimental procedure.
Materials and methods

Participants
MRI scanning
MRI was performed to determine the areas of the regions of concern for setting regions of interest (ROIs) using the 1.5 T MRI machine (Signa HDxt, GE, USA) with the following acquisition parameters: three-dimensional mode sampling, TR/TE (25/Minimum), 30 flip angle, 1.5 mm slice thickness with no gap, and 256 Â 128 matrices. The MRI parameters and a mobile PET gantry allowed us to reconstruct the PET images parallel to the intercommissural (ACPC) line without reslicing; using this approach, we were able to allocate ROIs on the target regions of the original PET images. 27 
PET data acquisition
Participants underwent [ 11 C]DPA713 or [ 11 C](R)PK11195 PET measurements after MRI scanning. We used a highresolution brain PET scanner (SHR12000, Hamamatsu Photonics K.K., Hamamatsu, Japan), which was capable of yielding 47 tomographic images. 28 A 10-min transmission scan for attenuation correction using a 68 Ge/ 68 Ga source was conducted with the subject's head fixed by a radiosurgery-purpose thermoplastic 
Image data processing
The binding potential (BP ND ) of [ 11 C]DPA713 and [ 11 C](R)PK11195 was estimated based on a simplified reference tissue model (SRTM) 29 in which we used a normalized mean time activity curve based on young subjects as a reference tissue curve. This procedure has been described elsewhere. 13 Briefly, a normalized input curve was created by averaging the ROIs placed over the bilateral frontal cortex, temporal cortex, parietal cortex, occipital cortex, thalamus, basal ganglia, and cerebellar hemisphere in the young subjects. The normalized mean tissue activity curve was then used as the reference input function because a desirable reference region free from specific binding is not present in patients with neurodegenerative disorders. The normalized input curve derived from the young subjects was used as the time-activity curve for the reference region of the young subjects, elderly subjects, and AD patients. To create a validation for the present method using the input curve from young subjects, we also analyzed data two ways using an input curve from elderly subjects and a clustered input curve extracted from gray matter without specific binding. 30 As shown in Figure 1 , supplementary figures 1, 3, and 5, we showed here that using the young group as reference input provided comparable results to clustered analysis for [ 11 C]DPA713. However, the clustered analysis seemed to be more sensitive for [ 11 C](R)PK11195, as illustrated by the number of ROIs in which a significant difference between elderly subjects and AD patients could be detected (Figure 1 , supplementary figure 2, 4 and 6). All BP ND parametric PET images were generated using PMOD 3.2 software (PMOD Technologies Ltd., Switzerland).
Image data analysis and statistics
ROI analysis
ROIs were manually drawn bilaterally over the cerebellum hemisphere, hippocampus, parahippocampal cortex (phc), amygdala, anterior cingulate cortex (acc), caudate nucleus, putamen, thalamus, posterior cingulate cortex (pcc), precuneus, superior frontal cortex (sfc) (Brodmann area or BA 9), middle frontal cortex (mfc) Figure 1 . Representative regional BP ND values in the healthy young, healthy elderly, and AD groups using the input curve from young subjects. In the AD group, BP ND values are significantly higher in extensive brain regions than in the young and elderly groups in the (BA9), lateral temporal cortex, occipital cortex, and lateral parietal cortex on the ACPC-aligned MR images of each subject. The delineated ROIs were placed on the same area on both the MR and the corresponding PET images. Both reconstructed PET and MR images were obtained parallel to the intercommissural line. 13 These ROIs were transferred onto the corresponding quantitative BP ND parametric PET images. We made direct comparisons with BP ND values obtained across multiple ROIs among young subjects, elderly subjects, and AD patients in each PET tracer using one-way ANOVA. To compare the degree of binding capacity of [ 11 C]DPA713 with that of [ 11 C](R)PK11195 in the AD subjects, a BP ratio index was calculated by dividing the BP ND of each brain region in the AD subjects by the mean BP ND of the same brain region in the elderly subjects. Then, we compared the [ 11 C]DPA713 BP ND ratio with the [ 11 C](R)PK11195 BP ND ratio. BP ND data from elderly subjects and AD patients were used for comparison between BP ND levels and MMSE scores in each delineated brain region using Pearson's correlation and simple regression analyses with statistical significance set at p < 0.05 corrected for multiple comparisons (SPSS version 21; SPSS Japan Inc., Tokyo).
SPM analysis
We examined the whole brain using a voxel-wise analysis in SPM8 (Wellcome Department of Cognitive Neurology, 
Results
Group comparison
All our results except for Figure 1 and supplementary figures 5 and 6. Regional BP ND values for both radioligands are displayed in Table 2 . The levels of [ 11 C]DPA713 BP ND in the AD group were significantly higher than those in both the young and elderly subjects in all ROIs. Despite the higher level of [ 11 C]DPA713 BP ND in the elderly group, a significant difference was not observed between the young and elderly subjects in any ROIs (Figure 1(a) and supplementary figure 5 ). As reported previously, 12 the precuneus showed significantly higher [ 11 C](R)PK11195 BP ND in AD patients than in elderly subjects. There was no significant difference in the levels of [ 11 C](R)PK11195 BP ND between young and elderly subjects in all ROIs (Figure 1(b) and supplementary figure 6 ). [ 11 C]DPA713 and [ 11 C](R)PK11195 timeactivity curves (TACs) for all three groups in the precuneus were shown in Figure 2 . The horizontal axis in Figure 2 indicates the time. The vertical axes indicate %dose/L in Figure 2 (a), and in Figure 2 (b), they indicate a unitless ratio that was calculated by dividing the value of each TAC by the peak value of the same TAC.
[ 11 C]DPA713 uptake reached a peak at 450 s, and [ 11 C](R)PK11195 uptake reached a peak at 75 s after tracer injection. Normalized input curves derived from young subjects for [ 11 C]DPA713 and [ 11 C](R)PK11195 are also shown in supplementary figure 7. BP ND ratios of [ 11 C]DPA713 (AD BP ND /elderly BP ND ) tended to be higher, especially in the brain regions outside the precuneus, compared with those of [ 11 C](R)PK11195 in AD patients (Figure 3 and supplementary figure 8 ), indicating that [ 11 C]DPA713 might be better for the delineation of microglial activation in the cerebral cortex than [ 11 C](R)PK11195. By contrast, a small difference in the ratios in the precuneus confirms that microglial activation is easily detected in this region in AD patients.
Correlation analysis
Pearson's correlation analysis showed significant negative correlations between [ and supplementary figure 9 ). In the rest of the ROIs, there were tendencies toward a negative correlation between [ 11 C]DPA713 BP levels and MMSE scores among elderly subjects and AD patients (supplementary figure 9 ). However, no significant correlations were found within each group consisting of either elderly subjects or AD patients, possibly because the cognitive levels within each group might not have been diversified enough to reach significance (supplementary figures 10 and 11). By contrast, no significant correlations between [ 11 C](R)PK11195 BP ND levels and MMSE scores were found, with a tendency toward a negative correlation in the precuneus (data not shown). Table 3 . Significantly higher BP ND values of [ 11 C]DPA713 in AD patients compared with elderly subjects were observed in almost all brain regions as supported by ROI analyses. In the medial parietal cortex, significantly higher BP ND values of [ 11 C](R)PK11195 in AD patients than in elderly subjects were observed. Although the SPM analysis showed a significant aging effect on the binding of [ 11 C]DPA713 BP ND in the frontal cortex, medial parietal cortex, and occipital cortex based on a comparison between two age-different groups, SPM regression analysis with age taken as a covariate failed to show a clear association between age and TSPO binding at a significant level. There were no brain regions where [ 11 C](R)PK11195 BP ND was significantly increased between young and elderly subjects.
SPM analysis
Discussion
Microglial activation with normal aging by first-and second-generation TSPO tracers
The SPM analysis showed a significant increase in [ 11 C]DPA713 BP ND over the greater number of brain regions in the elderly subjects compared with the young subjects ( Figure 5(b) and Table 3 ). Our ROI analysis of [ 11 C]DPA713 showed a nonsignificant trend in BP ND for all brain regions in elderly subjects when compared with young subjects, which was not observed for [ 11 C](R)PK11195 (Figure 1(a) , Table 2 , supplementary figure 5 and 6). By contrast, the ROI analysis of [ 11 C](R)PK11195 showed a negligible difference between young and elderly subjects in all ROIs (Figure 1(b) , Table 2 , and supplementary figure 6 ).
Although the changes in [ 11 C]DPA713 binding failed to reach a significant level, possibly due to the small number of participants, the trend of higher [ 11 C]DPA713 BP ND in elderly subjects might reflect age-related TSPO overexpression without regional preference in the healthy brain. It has been reported that microglia in the rat brain were activated with age 4 ; healthy older monkeys with cognitive impairments manifested highly activated microglia. 5 In vitro studies also reported increased activated microglia with normal aging. 2 It has been speculated that apoptosis and oxidative stress are responsible for the activation of microglia during normal aging. 4, 5 In previous PET studies, an increasing number of activated microglia measured by TSPO density have been described as a phenomenon accompanying normal aging of the brain. 14, 20 Normal age-related cognitive decline in humans is associated with altered levels of proinflammatory cytokines, which might be mediated by activated microglia. 6 Various studies have normalized the activated microglia by pharmacological and dietary intervention and exercise, thus reducing neuroinflammatory responses. [31] [32] [33] Detecting the subtle increase in normal age-related microglial activation in younger subjects is beneficial to prevent the deleterious effects of cognitive impairment with normal aging.
Although [ 11 C](R)PK11195 has been shown to have a high affinity for TSPO from in vitro binding studies, in vivo imaging studies using [ 11 C](R)PK11195 to investigate neuroinflammatory processes showed poor signal-to-noise characteristics. Recently, TSPO PET studies have focused on identifying novel TSPO radioligands with high specific binding in vivo. Because our study showed that [ 11 C]DPA713 reveals a normal agerelated increase in TSPO density in the greater number of brain regions compared with [ 11 C](R)PK11195, [ 11 C]DPA713 could be more suitable to detect the normal age-related changes in TSPO in healthy subjects.
Different bindings between [ 11 C]DPA713 and [ 11 C](R)PK11195
As shown in Figure 2 (a) and supplementary figure 7A , peak values of TACs and normalized input curves were quite dispersed. The order of peak values in TACs from three groups was the same between [ 11 C]DPA713 and [ 11 C](R)PK11195 studies, i.e. the highest is the elderly TAC, followed by AD and young TACs in descending order. To facilitate visualization of the shape of TACs and normalized input curves, we compared the ratios of all curves as described in Figure 2 (b) and supplementary figure 7B. [ 11 C]DPA713 uptake reached a peak later than [ 11 C](R)PK11195 uptake. The decline in [ 11 C]DPA713 uptake appears to be slower than that of [ 11 C](R)PK11195 uptake during the distribution phase. In the late phase, [ 11 C]DPA713 TACs were completely divided among the three groups (young, elderly, and AD subjects). By contrast, [ 11 C](R)PK11195 TACs seemed to be inseparable in the late phase. [ 11 C]DPA713 uptake did not reach a steady state compared with [ 11 C](R)PK11195 uptake. The longer scan time of [ 11 C]DPA713 would be appropriate for generation of BP ND values under the steady state, our ROI and SPM analyses showed significant differences between the both tracers in the same scan protocol. Hence, the shorter scan time of [ 11 C]DPA713 in our study can be accepted as one benefit in reducing the burden of participants. Pharmacologically, the combination of a free receptor concentration (Bmax) and a ligand dissociation constant (Kd) or a ratio of Bmax/Kd is used as an index of binding potential for the ligand (tracer). Under the in vivo setting, however, nonspecific binding, radioligand metabolism, lipophilicity, and other factors affect this ratio, and each parameter cannot be separately determined. Taking into account, the results of our ROI and SPM analyses, a small slope in the distribution phase and a complete separation of the three groups in the late phase of [ 11 C]DPA713 TACs, rather than the difference of peak values in TACs, indicate that the specific binding of [ 11 C]DPA713 is greater than that of
This observation is supported by a previous animal study that showed a higher signal-to-noise ratio of [ 11 C]DPA713 than [ 11 C](R)PK11195 by direct comparison 23 as well as a human study with a small number of subjects that showed a trend toward better specific uptake of [ 11 C]DPA713 than [ 11 C](R)PK11195. 24 In our study, a larger but not statistically significant difference in the BP ND ratio index (AD BP ND /elderly BP ND ) was found in [ 11 C]DPA713 compared with [ 11 C](R)PK11195 (Figure 3 and supplementary figure  8 ). We conclude that [ 11 C]DPA713 can be more sensitive to TSPO than [ 11 C](R)PK11195.
Microglial activation in AD patients by first-and second-generation TSPO tracers
To our knowledge, this is the first [ 11 C]DPA713 PET study to evaluate the microglial activation measured by TSPO density in living AD brains. Our ROI analysis of [ 11 C]DPA713 showed that AD patients have significantly higher BP values in all ROIs than both young and elderly subjects (Figure 1(a) , Table 2 and supplementary figure 5). Our ROI analysis of [ 11 C](R)PK11195 showed that AD patients have a significantly higher BP value than either young or elderly subjects only in the precuneus (Figure 1(b) , Table 2 and supplementary figure 6 ). As shown in the Figure 1 , supplementary figures 1, 3, and 5, our present method using the input curve from young subjects is adequate to compare the three groups (young subjects, elderly subjects, and AD patients) for [ 11 C]DPA713. By contrast, using the input curve from a clustered input curve could be more sensitive for [ 11 C](R)PK11195, because of the number of ROIs in which a significant difference between elderly subjects and AD patients (Figure 1,  supplementary figure 2, 4 and 6) . SPM analysis showed a significant increase of [ 11 C]DPA713 BP ND in almost all brain regions and a significant increase of [ 11 C](R)PK11195 BP ND in the medial parietal cortex when comparing AD patients with elderly subjects ( Figure 5(b) and Table 3 ). Although different AD groups were examined by different TSPO tracers, the same average MMSE scores between groups indicates that the current results of tracer binding can reflect the different specificities of the current tracers to the TSPO receptors in AD patients with similar pathologies. The medial parietal cortex is one of the pathophysiologically important regions in AD because glucose hypometabolism in this region is found at a very early stage of the disease. 34 Our previous study with [ 11 C](R)PK11195 PET was in line with this metabolic change, showing increased microglial activation measured by TSPO density in this region. 12 By contrast, [ 11 C]DPA713 binding appeared in larger brain regions, including the medial parietal region, suggesting that [ 11 C]DPA713 is a better tracer to detect the subtle changes in TSPO density at an early stage of AD.
Although TSPO is not only expressed in activated microglia but is also activated in astrocytes, an in vitro study suggested that TSPO is expressed largely in activated microglia. 35 In vivo detection of microglia using TSPO PET is indeed important in monitoring the presence of neuroinflammation in the brain. It is well known that activated microglia play both proinflammatory and anti-inflammatory roles in which M1 phenotype microglia are proinflammatory, leading to neuronal death, 7 and microglia with FCg receptor II indicate an M2 phenotype 36 and play a role in neuroprotection by reducing b-amyloid in immunotherapies for AD. 37 The dichotomous distribution between M1-and M2-biased inflammatory profiles was observed in gene expression analysis (i.e. IL-1b, TNFa, etc.) in the postmortem brain of early AD patients (mean MMSE score 22.6). 36 Empirically, users of nonsteroidal anti-inflammatory drugs (NSAIDs) tend to have a lower risk of developing AD, 38 partly because NSAIDs decrease microglial activation, as shown in the AD mouse model. 39 A previous interventional study reported that NSAIDs are protective if initiated before the onset of AD symptoms but harmful after the development of cognitive impairment. 40 Latta et al. proposed that the differential effects of NSAIDs were caused by M1 or M2 inflammatory profiles. 9 Indeed, studies on agents acting on these phenotypes are currently being performed. 36 Thus, in vivo monitoring of microglial activation during the preclinical AD phase is (Figure 4, and  supplementary figure 9 ). By contrast, [ 11 C](R)PK11195 BP ND values did not correlate significantly with MMSE scores among elderly subjects and AD patients (data not shown).
In the present study, because of a small variation in MMSE scores within the small AD group, the clinicalmolecular binding relationship was examined by grouping the data from elderly subjects and AD patients. This resulted in a stronger correlation (r ¼ À0.56 to À0.74) between TSPO overexpression and cognitive decline than in previous [ 11 C]PBR28 PET studies among AD patients (r ¼ À0. 35 to À0.50). Because TSPO overexpression occurs during the mild cognitive impairment (MCI) phase, 41 a mixture of MCI data may further improve the correlation coefficient. Specifically considering AD pathology, any information on b-amyloid deposition among healthy and MCI subjects can add pathophysiological relevance to the changes in microglial activation measured by the TSPO PET study through normal aging or early AD stages. [18] [19] [20] [21] [22] Among them, the [ 11 C]DAA1106 and [ 11 C]PBR28 studies reported that TSPO density significantly increased in AD patients, and the [ 11 C]PBR28 study only showed a significant correlation with cognitive severity in AD patients. 18 42 Although the sample size of our study (n ¼ 7) is smaller than in previous [ 11 C]DAA1106 and [ 11 C]PBR28 studies (n ¼ 10 and 19, respectively), and the analytic approach of our study (TSPO density estimated by SRTM using the input curve from young subjects without arterial blood sampling) is methodologically different from both the [ 11 C]DAA1106 and [ 11 C]PBR28 studies (TSPO density estimated by two tissue compartment model using input curve from elderly subjects with arterial blood sampling), our [ 11 C]DPA713 study showed the increased TSPO density in AD patients in a greater number of regions than the previous [ 11 C]DAA1106 and [ 11 C]PBR28 studies. Thus, it can currently be stated that [ 11 C]DPA713 might be more suitable for in vivo delineation of TSPO density among second-generation TSPO tracers in neurological disorders.
Other second-generation TSPO tracers in AD
Gene issue on TSPO tracers
Recent in vitro studies reported substantial heterogeneity in the affinity of the second-generation TSPO candidate tracers. 42 Based on the genotypes of the tracers for their affinity, people can reportedly be categorized into three subgroups: high-affinity binders (HABs) and low-affinity binders (LABs) who express a single binding site for TSPO with either high or low affinity, respectively, and mixed-affinity binders (MABs) who express approximately equal numbers of the HAB and LAB binding sites. 42 This differential affinity is caused by the rs6971 polymorphism on the TSPO gene. 25 [ 11 C](R)PK11195 binding in the brain does not exhibit sensitivity to the rs6971 polymorphism. We did not obtain genomic DNA from all subjects, because it has been reported that the rs6971 polymorphism is rare in Asian populations, including among Japanese ($4% allelic frequency) (http:// hapmap.ncbi.nlm.nih.gov/cgi-perl/snp_details_phase3? name¼rs6971&source¼hapmap28_B36&tmpl¼snp_ details_phase3). 25 Because all subjects in our study were Japanese, it is unlikely that the gene polymorphism issue affects the present interpretation of the tracer sensitivity of [ 11 C](R)PK11195 and [ 11 C]DPA713.
Conclusion
The results from this study show that [ 11 C]DPA713 detects increased TSPO density related to the normal aging and AD stages in more extensive regions of the brain than [ 11 C](R)PK11195 or other second-generation TSPO tracers. A major limitation in our study is that we did not directly compare the binding capacity of [ 11 C]DPA713 with that of [ 11 C](R)PK11195 in the same subjects. However, the accumulated evidence and the robust statistical evaluations in our study allow us to confirm the advantage of using [ 11 C]DPA713 for detecting microgliosis in the living brain. The use of this tracer would also help to monitor changes in microglial activation measured by TSPO overexpression during any preclinical states of neurological and psychiatric disorders.
